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1 Introduction

In R1 #106b e-meeting, agreements for PEI in R17 power saving is,

Agreement

For NR Rel-17, paging indications to UE subgroups are carried only in PEI.

Agreement 

For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)

· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO

· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF

· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs

· FFS: value of x
Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured

· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1

· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.

· Note: QCL reference is SSB

· FFS: Determination of the PEI-O location 

· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured
Agreement 

CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI

· Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1

 
Agreement 

Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI

· FFS: Configuration details and whether and how to reuse legacy search space sets including pagingSearchSpace and searchSpaceSetZero
Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:

· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO

· FFS: The unit and the range of the frame-level offset

· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)

· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.

· FFS: the case that a SSB burst overlaps in time with the target PO

· FFS: L = 1, 2 or 3

· FFS: Reference the “start” or “end” of the L-th SS burst

· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion

· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.

· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO

· FFS: The unit and the range of the time offset

· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO

· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  

Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.

FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported

In this contribution, we discuss details on PEI and cross slot based power saving scheme.  
2 Discussion
2.1 Search space design for PEI

In R1#106b meeting, the PEI occasion design is agreed as follows,
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured

· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1

· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.

· Note: QCL reference is SSB

We can clearly see that PEI-O has similar structure as paging occasion (PO), and also has the same QCL assumption as the corresponding PO, so it is feasible to let PEI transmitted in paging search space. And if paging search space is reused for PEI, resource overhead can be largely reduced considering PEI-O is a broadcast channel repeated by a beam sweeping way.
For example, for a target UE group A, its DCI-based PEI corresponding to a certain PO of UE A can be transmitted within an earlier PO before the certain PO of UE A. Typically this earlier PO is a PO originally assigned for paging DCI of other UEs (denoted as UE group B) other than UE group A, but UE group A can still monitor this PO to get its own PEI. A formula can illustrate more clearly. In current spec TS 38.304, UE determine its own PF/PO based on the following, 
PF index: (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

PO index: i_s = floor (UE_ID/N) mod Ns
By setting the monitoring frame for PEI by an integral number of PFs (denoted by L*(T div N) in the following) ahead of the PF for PO, we can find a paging occasion resource for PEI.

SFN index for PEI:  (SFN +L*(T div N)+ PF_offset) mod T = (T div N)*(UE_ID mod N)
PO index within the SFN for PEI:  i_s = floor (UE_ID/N) mod Ns
By such simple design, DCI-based PEI can reuse the paging search space, and the related spec impact/workload is quite small. 

Proposal 1: Paging search space should be reused to transmit PEI.
In last meeting, some company raise concerns on reusing search space 0, because some of the search space 0 configuration would result to the nearest SSB for the PEI-O is just located after the PEI-O. In such situation, UE may have to wake up to synchronize on SSB first, and then fall into sleep for a short period and wake up again to monitor PEI, which would cost some power on the two state transition periods. However, it should be noted that only part of search space 0 would cause the mentioned situation. 
Type #0 CSS, which is composed by search space 0 and CORESET 0, is a default and very important CSS, all the search space in RRC idle mode, Type #0A/#1/#2 CSS, if not configured, can all use Type #0 CSS by default. So gNB may very possible only configure Type #0 CSS in idle mode to save resource overhead, and CSS for PEI should also be able to reuse Type #0 CSS. From our understanding, it should be left to gNB implementation to decide whether to configure Type #0 CSS(which includes search space 0) for PEI for the purpose of saving resource overhead at the cost of some extra power. And gNB can always avoid such search space 0 mentioned above configured as PEI search space if gNB decide to save the power of the two state transition periods.
Proposal 2: Support search space 0 for PEI search space. 
For the determination of PEI-O location for a target PO, three alternatives are proposed in last meeting, and our preference is Alt1, that is the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO. Compared to Alt3, Alt 1 is has the advantage that, multiple PO in a PF can has the same PEI-offset if the PEI corresponds to multiple PO within the PF. And the essence of Alt 2 can also merged to Alt1, if we determine the PEI-offset should be larger than L*SSB periodicity so that L SSB will be included between PEI and PO.
Proposal 3: Support Alt 1, that is the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO.
2.2 DCI format and content design for PEI

A new format is agreed for PEI. And from our understanding, since PEI-DCI is transmitted in a DTX way, which is the same as paging DCI, the PEI-DCI should require similar reliability as paging DCI under the same channel condition. In other words, PEI-DCI can has similar DCI payload as paging DCI, which is typically 40 bits. And if PEI-DCI is transmitted in paging search space, it would be beneficial for reducing blind decoding attempts if PEI-DCI has exactly the same DCI size as paging DCI (but to make sure they have different RNTI).
Proposal 4: Support PEI-DCI has the same DCI payload as paging DCI, typically 40 bits, and has different RNTI from P-RNTI
As to the content of PEI, previously it was agreed that maximum of 8 subgroups per PO is supported, so 8 bit of wake up information per PO, each corresponding to one subgroup should be contained in PEI. And if a PEI can corresponds to M POs, then 8*M bits subgrouping paging indication should be included. Considering the total PEI bits number is about 40， M can be at most 4, allowing some bits reserved for other purpose such as for TRS indication. 

Proposal 5: Support 8*M bits subgrouping paging indication in PEI, M is the number of associated POs and maximum M=4.
Another remaining issue is whether one PEI can corresponds to POs across multiple PFs. From our view, if only one frame-level PEI-offset is configured for the multiple POs associated to one PEI, then the multiple POs should be contained in one PF, otherwise, multiple frame-level PEI-offset values will be needed. So for simplicity, we prefer one PEI can only corresponds to POs within one PF.
Proposal 6: Support one PEI can only corresponds to POs within one PF.
Another noteworthy issue is, in what scenarios the PEI needs to wake up UE. From our understanding, it can mean two different cases,
Case 1, only paging message is expected

Case 2, short message and/or paging are expected

If case 1 is selected, gNB will not wake up UE if there is only short message (without paging) to be transmitted. Then there should be other ways to inform UE whether there is short message or not. Possible solutions would be adding short message (systemInfoModification and etwsAndCmasIndication, 2 bits) directly in PEI. Or, if PEI is transmitted in paging search space, UE can directly try to decode the paging DCI in the same PO carrying PEI, to get the short messages in the paging DCI. However, this may have a little change on UE behaviour since UE will try to decode paging DCI in a PO which is not its own corresponding PO. But the benefit is also clear, no additional short message bits need to be added in PEI. And since UE is already waking up to monitor and decoding PEI, it won’t cost UE much extra effort to decode paging DCI located in the same PO.
In case 1, with the solutions to inform short message, UE can acquire short message at the same time when it monitors PEI, and does not need to wake up to monitor paging DCI in its own corresponding PO if only short message is expected.
If case 2 is adopted, PEI will alert the UE to wake up to monitor paging DCI in its own PO, no matter it is because of short message or paging message or both. And if only short message is expected, besides waking up during the monitoring occasion of PEI, UE has to also wake up during the monitoring occasion of paging DCI, which is not power saving compared to case 1.
Proposal 7: PEI will alert the UE to wake up only when paging message is expected. 
Proposal 8: If PEI is transmitted in paging search space, UE can directly try to decode the paging DCI in the same PO carrying PEI, to get the short messages.
3 Conclusions

In this contribution, we discuss some potential enhancements for paging mechanism for R17 power saving.  
Proposal 1: Paging search space should be reused to transmit PEI.
Proposal 2: Support search space 0 for PEI search space. 

Proposal 3: Support Alt 1, that is the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO.
Proposal 4: Support PEI-DCI has the same DCI payload as paging DCI, typically 40 bits, and has different RNTI from P-RNTI

Proposal 5: Support 8*M bits subgrouping paging indication in PEI, M is the number of associated POs and maximum M=4.
Proposal 6: Support one PEI can only corresponds to POs within one PF.
Proposal 7: PEI will alert the UE to wake up only when paging message is expected. 
Proposal 8: If PEI is transmitted in paging search space, UE can directly try to decode the paging DCI in the same PO carrying PEI, to get the short messages.
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